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The actin cytoskeleton plays a key role in the dynamic behavior of
cells during development, mediating cell shape change and cell
migration. To determine the underlying basis of these cell behaviors
we must understand how actin dynamics are regulated. Numerous
proteins have been identiﬁed that inﬂuence actin dynamics including
Capping Protein (CP) and Ena/VASP proteins. Studies using cultured
cells suggest that these proteins function in opposition to each other.
The presence of Ena/VASP proteins at the barbed end promotes
continued polymerization, while CP terminates polymerization. To
understand how these actin regulators function together in vivo, we
have chosen to examine their role during Drosophila oogenesis. In
Drosophila, the nurse cells produce the nutrients and macromolecules
the oocyte needs to start development. Thesematerials are transported
into the oocyte through actin-rich ring canals following contraction of
the cortical actin/myosin network. Just prior to this contraction, a
network of unbranched, cytoplasmic actin ﬁlaments forms between
the membrane and nucleus. This network prevents the nucleus from
being pushed into the ring canal and blocking transport.Drosophila has
a single Ena/VASP protein, Ena. When Ena is inactivated, ﬁlament
formation is compromised. CP also appears to play a role during
oogenesis aswhen the level of functional CP is reduced, the cytoplasmic
actin network appears disorganized. We are currently examining how
these two actin regulators function together during oogenesis by
analyzing the effects of reducing the levels of both proteins.
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Myosin phosphatase plays a role in incomplete cytokinesis
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Germline cyst formation is essential for both oogenesis and
spermatogenesis in a wide variety of species, from fruit ﬂy to human.
Mammalian male germline cysts were observed over a century ago
(McGregor, 1899; Ebner, 1888; Sertoli, 1877; George, 1865). Fawcett et
al. (1959) suggested that these cysts arose from incomplete cytokin-
esis. Brown and King (1964) adopted this hypothesis to explain the
origin of the ring canals linking the cystocytes of a Drosophila egg
chamber. However, it is still not clear how the cleavage-furrow
constriction is arrested during incomplete cytokinesis. Our protein
expression pattern and mutant phenotypic analysis suggest that
myosin phosphatase plays a role in incomplete cytokinesis, presum-
ably by inhibiting non-muscle myosin II, the driving force of cleavage-
furrow constriction. We ﬁnd that in wild-type ﬂies the nascent rings
derived from the cleavage furrows do not grow, contrasting to what
people imagined, until very late. In the myosin phosphatase mutant,
the rings in fact shrink, suggesting that myosin phosphatase prevent
the rings fromover-constriction.Myosinphosphatase is likely to be the
molecular clue for understanding the incomplete cytokinesis.
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The ability of adult stem cells to maintain their undifferentiated
state depends upon residence in their natural microenvironment, the
niche. The Drosophila testis supports two stem cell populations,
germline stem cells (GSCs) and somatic cyst progenitor cells (CPCs),
which require chemokine activation of Jak/STAT signaling for self-
renewal. We identiﬁed the transcriptional repressor zfh-1 as a target
of Jak/STAT signaling in CPCs, and found that it is required for CPC
self-renewal. Sustained zfh-1 expression in CPC daughters kept these
cells as stem cells, indicating that zfh-1 is necessary and sufﬁcient for
the somatic stem cell state. Surprisingly, continued somatic zfh-1
expression in CPC daughters also affected neighboring germ cells,
causing them also to undergo self-renewal outside their niche, and
these ectopic GSCs did not display Jak/STAT activation. To further
explore the requirement for Jak/STAT signaling in this niche, we
activated the pathway cell intrinsically in either the somatic or
germline cells. We found that germline Jak/STAT activation was not
sufﬁcient, but somatic activation (with zfh-1 induction), was non-
autonomously sufﬁcient for GSC renewal outside the niche. There-
fore, CPCs can cause GSC renewal, and this signal is likely to be an
important component of normal GSC self-renewal. This work reveals
unexpectedly complex cell–cell signaling in this niche, and provides
a model for how other more complex niches might integrate signals
from multiple cell types to create specialized microenvironments
that support stem cells.
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We previously reported that suppression of IGF signaling disrupts
primordial germ cell (PGC) migration in zebraﬁsh, but the mechan-
ism underlying this effect has not been elucidated. IGF ligands
stimulate migration of multiple cell types, leading us to hypothesize
that IGF ligands may function to promote PGC migration. To test this,
we examined the spatial mRNA expression patterns of zebraﬁsh IGF
genes (igf1, igf2a, igf2b) during PGC migration. In situ hybridization
analyses revealed distinct mRNA expression patterns for each ligand,
with igf2b mRNA exhibiting abundant expression in the urogenital
tract, in correspondence with the migration route of PGCs. To
determine if PGC migration is responsive to alterations in IGF ligand
expression, we synthesized hybrid gene expression constructs that
permit conditional overexpression of each IGF ligand in the PGC
microenvironment. PGC-speciﬁc overexpression of IGFs consistently
led to aberrant PGC migration, indicating that PGC migration is
sensitive to aberrations in paracrine IGF signaling. Lastly, we show
that overexpression of a conditional (PGC-speciﬁc) dominant-
negative IGF1 receptor disrupts PGC migration, conﬁrming that
PGCs cell-intrinsically depend on IGF signaling for normal migration.
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